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crude product was washed with water, extracted with ethyl acetate three times, dried (MgSO4) and evaporated. Finally, the crude product was purified with a silica gel column using hexane/ethyl acetate eluent (9:1) to yield an oily liquid (4.4 g, 71 %). 1 The above product, EDOT-COOCH3, (1.83 g, 7.5 mmol) was dissolved in dry THF (20 mL) in a 100 mL two-neck round-bottom flask. Freshly prepared aqueous NaOH (2 M, 20 mL) was added and stirred at room temperature until the starting material completely consumed by thin layer chromatography (TLC) (3 h). The mixture was acidified to pH less than 3 by adding HCl (1 M), and extracted with ethyl acetate. The organic layer was washed with water until a neutral pH was obtained; dried (MgSO4) and evaporated to yield a thick colourless oil (1.67 g, 97 %). 1 (24 mL, 1:1 v/v) were added to a dry 100 mL 2-neck round-bottom flask. NBS (3.13 g, 17.6 mmol) was added and the solution was stirred at room temperature for 3 h. Then, distilled water (50 mL) was poured to the reaction mixture. A silver crystalline solid was precipitated, filtered, dried and used without further purification (0.7 g, 33% 
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General Procedure for the Synthesis of PEDOTS via Direct C-H Arylation Polymerization
A N2 filled 50 mL Schlenk flask was charged with 1 and 1-Br (1:1 equiv.), [Pd] cat. (5 mol %), anhydrous phosphine ligand (10 mol %), Cs2CO3 (2 equiv.), and anhydrous DMF. The reaction mixture was stirred for 48 h at 100 °C. After cooling, the mixture was quenched with DI water followed by addition of excess acetone. The resulting suspension was centrifuged (5 min, 5000 rpm). The precipitate was dissolved in water and again precipitated from acetone. This procedure continued until a clear solution was obtained. Finally, the precipitate was dried under vacuum to yield the corresponding products. 1 H NMR (D2O) spectra of all the polymers showed broad peaks in agreement with previous reports and well observed on zoom mode.
Typical Procedure for the Synthesis of PEDOTS via Pd(OAc)2/P(p-tolyl)3 Catalytic System
A N2 filled 50 mL Schlenk flask was charged with 1 (0. After cooling, the mixture was quenched with DI water (5 mL) followed by addition of excess acetone. The resulting suspension was centrifuged (5 min, 5000 rpm). The precipitate was dissolved in water (5 mL) and again precipitated from acetone. This procedure continued until a clear solution was obtained. Finally, the precipitate was dried under vacuum to yield PEDOTS polymer (0.396 g, 99%). 1 H NMR (D2O) spectra showed broad peaks in agreement with previous reports and well observed on zoom mode.
Synthesis of Poly(EDOT-co-EDOTS) copolymer via direct C-H arylation polymerization
A N2 filled 50 mL Schlenk flask was charged with 1 (0.25 g, 0.76 mmol) and 5-Br (0.227 g, 0.76 mmol), Pd(OAc)2 (0.009 g, 0.038 mmol), P(p-tolyl)3 (0.023 g, 0.076 mmol), Cs2CO3
(0.496 g, 1.52 mmol), and anhydrous DMF (4 mL). The reaction mixture was stirred for 48 h at 100 °C. After cooling, the mixture was quenched with DI water (5 mL) followed by addition of acetone (40 mL). The resulting suspension was centrifuged (5 min, 5000 rpm). The precipitate was dissolved in water (5 mL) and again precipitated from acetone. This procedure continued until a clear solution was obtained. Finally, the precipitate was dried under vacuum to yield dark blue copolymer (91%). 1 H NMR (D2O) spectra showed the respective peaks when observed on zoom mode.
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Synthesis of Poly(C2-, C5-, and C12-EDOT-COOH) Polymers
The polymerization process was similar with PEDOTS synthesis via direct C-H arylation polymerization. A N2 filled 50 mL Schlenk flask was charged with the corresponding EDOT-COOH and 2,5-dibromo-substituted EDOT-COOH monomers, Pd(OAc)2 (10 mol %), P(p-tol)3
(10 mol%), Cs2CO3(4 equiv.), and anhydrous DMF. The reaction mixture was stirred for 36 h at 90 °C. After cooling, the mixture was quenched with mixture of DI water and MeOH (1:1 v/v) followed by addition of excess acetone (40 mL). The resulting suspension was centrifuged (5 min, 5000 rpm). The precipitate was dissolved again in mixture of DI water and MeOH and precipitated from acetone. This procedure continued until a clear solution was obtained. The precipitate was dried under vacuum to yield the corresponding products and characterized by NMR and FTIR spectroscopy.
Synthesis of PEDOTS via oxidation
For comparison, PEDOTS was synthesized according to literature using FeCl3/Na2S2O8. Figure S41 . TGA (left) and DSC (right) thermograms of PEDOTS using FeCl3/Na2S2O8 P11
